Introduction: Mycoplasma bovis is known as a causative agent of many disorders in cattle. In Europe, there is still a lack of commercial vaccines against M. bovis infection. Acute phase response (APR) is a non-specific host reaction to infection, most seen in changes in production of acute phase proteins. The aim of this study was to analyse APR in calves administered with an experimental M. bovis vaccine. Material and Methods: Twelve healthy female calves were divided into two equal groups: experimental and control. The experimental vaccine containing the field M. bovis strain and two adjuvants such as saponin and lysozyme dimer was subcutaneously administered to the experimental group. Phosphate buffered saline was taken as the placebo and given to the control group by the same route as the vaccine. Blood samples were collected prior to the study (day 0), then daily up to day 7, and then each seven days until day 84 post vaccination. The concentrations of serum amyloid A (SAA), haptoglobin (Hp), interferon-γ (IFN-γ), and inteleukin-4 (IL-4) were determined using commercial ELISA kits. Results: Following the vaccination, a significant increase in SAA, Hp, and IFN-γ concentrations was observed when compared to the unvaccinated calves, whereas the IL-4 concentration was not detectable. Conclusion: The experimental saponin-based M. bovis vaccine containing lysozyme dimer adjuvant visibly stimulated the APR in the calves, and some specific cytokines (Th1-dependent) directly involved in this response.
Introduction
Acute phase response (APR) is known as a nonspecific host reaction following infection, inflammation, or injury, and the reaction includes immunological, metabolic, and other changes which lead to the restoration of homeostasis. One of the most spectacular disorders during APR are changes in production of acute phase proteins (APPs) in the liver as well as in extrahepatic tissues, which are mediated by cytokines (2) . The most indicatory APPs in cattle are serum amyloid A (SAA) and haptoglobin (Hp), both known as positive APPs, of which production increases during APR. It was previously shown that SAA acts as a fast-responding APP, whereas Hp concentration rises more slowly following inflammation (24) . SAA and Hp were previously recognised as biomarkers of many diseases in cattle such as mastitis, metritis, and other reproductive disorders like retained placenta (3, 19, 21) . Their diagnostic significance has recently also increased in bovine non-infectious diseases such as ketosis, ruminal acidosis, or displaced abomasum (4, 13, 27) .
Mycoplasma bovis causes many disorders in cattle, including pneumonia, arthritis, and mastitis. As was demonstrated in our previous studies, M. bovis is able to stimulate APR (7, 10) . However, little is known about APP and cytokine response following vaccination against this pathogen. This study used a saponin-based experimental M. bovis vaccine containing lysozyme dimer as adjuvant. Saponin-based vaccines given alone or combined with Emulsigen adjuvant were previously used successfully in experimental studies (6, 20) . Lysozyme dimer has numerous applications including immunostimulation, prophylaxis, and treatment of many diseases in cattle such as mastitis, metritis, cystic ovary disease, gastroenteritis, or bronchopneumonia (5, 14, 15, 16, 17) .
However, until now it had not found any application in studies on vaccines.
The aim of the study was to analyse the APR in the calves administered with the experimental saponinbased M. bovis vaccine containing lysozyme dimer as adjuvant.
Material and Methods
Animals. Twelve 5-week-old clinically healthy female calves of Holstein-Friesian breed were tended through a two-week adaptation and then divided into two equal groups: an experimental group administered the vaccine with saponin and lysozyme (S + L) and a control (C). Animals from each group were housed separately, fed milk replacer twice a day and hay, and given water ad libitum.
Vaccine preparation and calf immunisation. The vaccine containing the field M. bovis strain (BankIt 1801634 MBovis KP795974) and the two adjuvants saponin (Sigma-Aldrich, Germany) and lysozyme dimer (Lydium-KLP™, Nika Health Products, Poland) was prepared according to the method described previously by Dudek et al. (12) and administered subcutaneously to the S + L group in total volume of 8 mL and a final concentration of 6.25 × 10 7 CFU/mL. Phosphate buffered saline (PBS) was taken as the placebo and given to the controls by the same route as vaccine.
Samples. Blood samples were collected from each calf prior to the study (day 0), then daily up to day 7, and then every seven day until day 84 post vaccination. After collection, the blood samples were centrifuged at 1,500 g for 10 min to obtain sera. Before analyses, the sera were stored at −20ºC.
Methods. The concentrations of SAA and Hp were determined using two separate commercial ELISA kits (Tridelta Development Ltd., Ireland), and other commercial ELISAs were used for assaying the content of cytokines IFN-γ (ID.vet Innovative Diagnostics, France) and IL-4 (Uscn Life Science Inc., China). All tests were performed according to the manufacturer's instructions. The optical densities were read using an ELx800 automated microplate reader (BioTek Instruments, USA) according to the KC Junior programme (BioTek Instruments).
Statistical analysis. The results are presented as arithmetic means ± standard deviation. Student's t test was used to analyse the differences between the mean values recorded in the S + L and control groups at the same time point with a statistically significant level of P < 0.05.
Results
No adverse reactions such as fever, oedema at injection sites, etc. were observed following calf vaccination. The M. bovis-specific antibodies, bovine total Ig and IgG, IgA, and IgM classes as well as peripheral blood lymphocyte immunophenotyping were determined in the vaccinated calves, and the results were shown in our previous studies (11, 12) .
The SAA concentration was nearly seven times higher on day 1 post vaccination when compared to the control, whereas on day two it was 12 times higher in the experimental calves than in the control. A visibly elevated SAA concentration was observed in the S + L group up to day 6 post vaccination and again on days 49, 56, 77, and 84 (Fig. 1) . Starting from day 1 post vaccination, the Hp concentration was visibly higher than the control and continued to be on day 2. On the remaining days post injection, this concentration was not detectable (Fig. 2) . During the first two days post vaccination, IFN-γ was visibly more concentrated when compared to the control. On the remaining days of the study this cytokine was comparably or slightly less concentrated in the experimental calves than in the controls, whereas on day 84 IFN-γ had again become more concentrated in the S + L group (Fig. 3) . The IL-4 concentration was not detectable in the two groups throughout the study. 
Discussion
It was previously demonstrated that our experimental M. bovis vaccine containing saponin and lysozyme dimer as adjuvants visibly stimulated cellmediated immunity in the calves. It was expressed by enhanced T-and B-cell response (12) . Moreover, humoral immune response was also activated following the vaccination, most evidently seen in considerably increased specific antibodies to M. bovis and bovine IgG concentration (11) .
Our previous study showed that intratracheal inoculation with a field M. bovis strain caused a significant increase in the SAA and Hp concentrations in the affected calves (10) . This observation was in agreement with our other results in which three M. bovis isolates of different origins were used in a calf challenge (7) . Similar findings were also made in field conditions where visible stimulation of SAA and Hp production was observed in cattle seropositive for M. bovis (9) . The biological functions of SAA are wide in range, but one of the wellrecognised phenomena is opsonisation which in cattle affects both Gram + and Gram − bacteria (18) . Another beneficial function of SAA, but one not fully proven in cattle, is its chemotactic activity towards some white blood cells (2, 25) . Thus, visible SAA stimulation during the first days post vaccination seems to show an enhancement of antimicrobial defence mechanisms in the vaccinated calves. The other positive APP, Hp with its slower response, also increased in amount during the first two days post vaccination; but this response was less pronounced than that of SAA. General stimulation of both SAA and Hp production was also observed following calf administration with the saponin-based M. bovis vaccine given alone, in combination with Emulsigen, or with both Emulsigen and α-tocopherol acetate as adjuvants (8) . The main functions of Hp, weakly recognised in cattle, however, are its antioxidant and anti-inflammatory activities. It was previously demonstrated that Hp modulates immune response also via suppression of production of some Th2-skewed cytokines in vitro (1) . In a recent study, no response by way of expression of IL-4, a cytokine derived from Th2 lymphocytes, was observed following vaccination. In contrast, the production of IFN-γ, known to be a Th1-skewed cytokine, was markedly stimulated in the vaccinated calves. Accordant results were found in our previous study when the stimulation of IFN-γ production was observed in calves administered with the saponin-based M. bovis vaccines regardless of adjuvant used (8) . In contrast to the observation in the recent study, the distinct but short IL-4 response was discernible in the calves administered with the vaccines containing Emulsigen ® or both Emulsigen ® and α-tocopherol acetate adjuvants (8). Soehnlen et al. (23) reported no significant changes in IFN-γ or IL-4 concentrations in the calves treated with two different M. bovis bacterin vaccines. It was previously shown that immune response to M. bovis infection is regulated by IL-4 rather than IFN-γ, and it is Th2-dependent (26) . Thus, the distinct stimulation of IFN-γ production in the vaccinated calves could result from the adjuvant effect rather than the bacteria, especially since it was previously shown that lysozyme dimer is able to stimulate some cytokine production in pigs, including IFN-γ (22) .
The experimental saponin-based M. bovis vaccine containing lysozyme dimer adjuvant visibly stimulated the APR in the calves and some specific cytokines (Th1-dependent) directly involved in this response.
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